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amino acid and a faint hexoseamine spot were evident at 24 hours. On the
other hand, the IICI treatment gave strong glucose spots at both 5 gnd 24
hours. It was apparent that readily soluble substances detected in the
younger culture were no longer present in older cells but had. been ?onverted
- to a storage material yielding glucose upon acid hydrolysis. This storage
material tended to decrease in amount as the cells aged.

Sludge Glycogen

Many microorganisms contain glycogen as a storage carb.ohydrz}te much
ag it is found in muscle and other animal tissue. Edible fungi cor;taamed 12.6
per cent'® while a filamentous form had 36.7 per cent glycqgen. Glycogen
content of yeast depended upon treatment,'® while bacteria may have as
high as 50 per cent.* '

Glycogen determination of the sludge showed 19.3 per cent in th? 5~l'10ur
sample and 8.8 per cent in the 24-hour sample. Another sludge mamtalr!ed
unfed at 30°C for 24 hours contained only 2.9 per cent of the glycogen-like

ction, '
fra:l‘thlz:t glycogen-like products are stored may be inferred from the data in
Table 1-14 when the COD of the sludge is considered. A 1000-ppm slud'gc
has a COD of 1250 ppm. At 4 hours, 27.9 per cent of‘ the 1172 ppm skim
milk COD was in new cells; henee, the total cell COD \\'()!llfl be .327 'plns
1250 or 1577 ppm. The stored COD was 49.9 per cent of the skim milk COD,
or 585 ppm. This latter value is calculated as 27 per cm.xt of the t(.)tal ﬁl'udgc
COD and approaches the 19 per cent glycogen fraction, especially if we
consider that in 5 hours synthesis would be greater and storage decreased.

It becomes apparent that the rapid purification of a (cm:bohydrutc ‘ww;tc
results from more involved changes than simple udsorp.t,xon.'A portion of
the COD is changed to COq, another portion is synthesized 1{|t0 ce!l com-
plex with a low immediate oxygen demand, while the remainder is con-
verted and stored as insoluble glycogen-like substance. The oxygen demand

of the mixed sludge continues at a high rate while the St,()l'z.l.g(: f:arl)()}nydratc
is oxidized and then drops to that of true endogenous respiration.

FACTORS AFFECTING EFFICIENCY AND SOLIDS
PRODUCTION IN THE ACTIVATED SLUDGE
PROCESS

K. WuHrMANN

Federal Instituie of Water Supply, Sewage Purification and Water Pollution Control,
Swiss Federal Institute of Technology, Zurich, Switzerland

This paper discusses the influence of several factors on activated sludge
performance. All the discussions are predicated on the assumption that the
wastes treated arc nutritionally balanced.

The great diversity of organisms composing activated sludge is best
demonstrated by the large number of pure, organic substances which are
respired by normal sludge without any adaptation period. This has been
shown in manometric experiments of Dawson and Jenkins.? Complex
media, such as domestic sewage, is also respired without any observable lag
period.' It has not been possible to date to demonstrate intermediate deg-
radation products when nutritionally balanced substrates were adequately
acrated. The observable over-all reaction of a waste with sludge is con-
sidered the resultant of many single reaction chains. Activated sludge is
considered as a whole when the stabilization of organic substances and their
intermediate metabolic products are studied.

The two parameters of primary importance in process evaluation are the
quantity of oxygen required and the detention period necessary for a spec-
ified purification level.

The quantity of oxygen which will be consumed may be evaluated by
manometric measurement of the endogenous and substrate respiration in
contact with sludge. Simultaneous observation of the concentration change
of the substrate during the respiration experiment permits the calculation
of the ratio of substrate respiration to assimilation. A portion of the organic
substrate removed by activated sludge is used for new cell synthesis and
storage products and consumes no oxygen. The remainder undergoes direct
oxidation.

Figure 1-27 shows observations in an experiment where saccharose in
phosphate buffer was added to sludge which was not previously adapted to
saccharose. This experiment leads to the following conclusions:

(a) Saccharose is respired with a respiration quotient (R.Q.) of 1, while
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industrial wastes were greater than the rates of oxidationL These rates variiedr.":
with the type of waste and other factors, but averaged about four times the -

rate of oxidation. For dairy waste they found a rate of purification six times
the rate of oxidation under their conditions. In a mechanically stirred
aerator, higher rates have been attained by the authors using 1000 ppm

- skim milk and 1000 ppm sludge solids.*” The relative rate of purification

averaged about twelve times the rate of oxidation. Almost-80 per cent of
skim milk COD was removed from solution in 1 hour. During the same time
the oxygen utilized, as measured in the Warburg respirometer, was equiv-
alent to only 50 per cent of the COD. The difference must be stored ma-
terial. In 90 minutes all the skim milk had been removed from solution, but
oxygen utilization continued at the same rate for another 90 minutes.
Evidently the stored material was being oxidized. Previous Warburg studies
showed that about 6 hours were required by 500 ppm sludge solids to oxidize
1000 ppm milk solids; hence 1000 ppm sludge should require about 3 hours.

According to the equations for the synthesis of cell material from skim
milk, 37.5 per cent of the COD is completely oxidized in the removal of
100 per cent from solution. Therefore, it seems reasonable to consider that
the over-all rate constant for the removal of nutrients should be 2.67 times
that of the oxidation constant if there is no storage of material. Higher rate

constants indicate a nonoxidative accumulation of nutrients in the organ-

isms that undergo a subsequent rapid oxidation. This is followed by endog-
enous respiration.

Studies on oxidation, purification, and storage were continued under less
vigorous agitation using quart jar acrators.”® Each jar, holding 650 ml of a
mixture containing 1172 ppm skim milk GOD and 1000 ppm sludge solids,
was aerated with COzfree air at the rate of 325 ml per min. Even though
there was no vigorous agitation, removal of COD from the solution was
rapid, about 95 per cent in 4 hours at 30°C (Table 1-14). Considerable
purification occurred also at lower temperatures; 89 per cent at 20°C; 67
per cent at 10°C; and 45 per cent at 2°C."* :

The COD removed in cell formation is the amount oxidized plus tha
used for cell synthesis and is the theoretical amount removed during the

TaBLE 1-14, COﬁ REMOVED IN PURIFICATION AND AMOUNTS USED FOR
. RESPIRATION, SYNTHESIS, AND STORAGE
(1000 ppm sludge solids and 1172 ppm skim milk COD)
Purification " Respiration - Synthesis
: ) S () : (%)

. 8.6
-.-15.8
)
lone
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Lo g;‘e;’)xysen uptake or respired; D = COD synthesized and respired (oxygen uptake
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assimilation step. Thus the values from Curve C in Figure 1-26 times 2.67
give Curve D. Curve B shows the actual remova] of COD; hence, the differ-
ence between B and D must be unassimilated, or stored. Curve A is removal
of lactose. In the jar experiments (Table 1-14) as much as 60 per cent of
the available COD was stored. In less than 20 hours, the stored material
was gone and oxidation of the cells was under way.! -

Determination of the type and site of this unassimilated stored material
required larger quantities of cell material. Sludge was prepared at 30°C in
the large aerator and then held at 10°C, since stored material metabolizes
quite slowly at that temperature. Agitation and aeration were continued
after addition of skim milk. After 5 hours and 24 hours, 6-liter quantities
of the mixture were removed. Sludge was harvested by centrifuging, washed
with saline solution, recentrifuged, and lyophilized. = ‘

Paper Chrdméfography

‘Half a gram of cell material was treated in a boiling water bath suc-
cessively with 25 ml hot water and 50 per cent alcohol for 1 hour and for
2 hours with 2 per cent HCI. Extracts were recovered by centrifuging and
papergram analyses for sugars were made.*®. & ¢
~ Lactose was absent in all sludge samples, The trace of glucose present in
the 5-hour hot-water sample did not appear in the 24-hour sample. Also
most of the glucose and all of the maltose observed at 5 hours in the 50 per
cent alcohol solution was gone in 24 hours. The alcohol solution showed

the presence of four amino acids and a hexoseamine at 5 hours. Only one

100
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TIME, HOURS

- Frgurg 1-26. Purification, oxidation, and synthesis by 1000 ppm aeratoi sludge
- (substrate, 1000 ppm skim milk), A = removal of lactose; B = removal of COD;

’
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An almost exact equivalent of the amount of oxygen requi.red for.the as-
similation of lactose and casein in the manometric studies is explained by
this series of equations.

Skim Milk Conversion to Sludge Cells

A comparison of the assimilation equations for lactose and casein showed
that a mole of cell substance was produced from 240 units of sugar and from
184 units of casein. This is practically the same proportion as found in
gkim milk and hence the two equations were added to give:

801120 ‘+‘ Ca]Iszan + 602 4 205II1N()2 + ﬁCOz + 71120
RQ. = 6/6 = 1.0

THEORY AND MECHANISM

The ammonia liberated in casein oxidation is used in the carbohydrate
assimilation and there is no pl change. A well-acrated sludge skim milk
mixture has a pIl of about 7.0. According to the last equation, skim mi.lk
will yield (2 X 124)/(240 + 184) or 58.5 per cent of the weight as microbial
tissue. This was somewhat greater than the 52 per cent observed in the
continuous-flow experiments. The difference may have been the result of
endogenous respiration.

Endogenous Respiration

After the cells are formed, there is a slow continuous oxygen requirement.
The organisms oxidize their own tissue to supply energy of maintenance.

CsthOz + 502 b4 5002 + NII; + 2}120
RQ. =5/5=10

1f endogenous respiration is extensive there is no accumulation of sludge;
if it is low, sludge accumulates. The equation shows that the oxidation of
1 mole of cells with a formula weight of 113 requires 160 weight-units of
oxygen. In order to determine the amount of cells actually oxidized at a
Qo, of 10, the following calculations were made®:

22.4 liters O = 32 g O,

1 ml = 143 mg O,

(o, of 10 = 14.3 mg O,/g cell/hr
Caleulated from the equation for the conversion to cell tissue:

14.3 mg O, = 10.2 mg cell tissue

Hence, 1 gram of cell tissue will oxidize 10.2 mg of cell per hour which is
cquivalent to a reduction of about 1 per cent.
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An endogenous (o, of 10 would thus be equal to a decrease of cell sub-
stance of 1 per cent/hr, and one of 5 would equal 0.5 per cent/hr. The rate
of oxidation is related to the activity of the mixed organisms. The time re-
quired is independent of the amount and inversely proportional to the rate.

Rates averaging 1.25 per cent/hr have been obtained in field trials at the
Pennsylvania State University.®

Implication of Data

With the information readily obtained in the laboratory, it becomes
possible to predict the amount of sludge produced in the aeration process
and the quantity of oxygen required to produce this sludge. It is also possi-
ble to determine the rate at which oxygen must be supplied in order to
maintain aerobic conditions. In these studies endogenous respiration re-
quired only about }{ of the oxygen needed for assimilation and the sludge
was oxidized at a rate of about 1 per cent of its own weight per hour.

The following calculations show what happens to 1 1b of skim milk dis-
solved in 1000 pounds of water or 1000 ppm in the presence of 500 ppm

sludge solids. The total theoretical amount of oxygen needed for complete
oxidation is 1.214 lbs.

In the assimilation phase:
Part of total O, required 37.5%
Quantity O; needed 0.453 1b
Time required’ 6.0 hr
Hourly utilization of O, 0.075 Ib (av.)
Cells produced : 0.61b

In the endogenous phase:
Part of total O, required 62.5%
Quantity O; nceded 0.761 1b

Time required to oxidize the 0.5 1b cells (500 ppm) . 100 hr (approx.)
Hourly utilization of O, 0.007 1b

The tabulation shows that conditions may be established to avoid accumu-
lation of sludge or microbial cells. If 2500 ppm sludge solids were carried
in the aerator, 500 ppm would disappear in 20 hours by endogenous respira-
tion. These cells could be settled and the clear liquid discarded. The addi-
tion of sufficient skim milk to give 1000 ppm waste-concentration would
replace the cells destroyed by endogenous respiration. The process of fill-
and-draw could be repeated indefinitely. Equations for maintaining a
sludge balance were developed in field studies.®

Storage and Oxidation

" The application of improved experimental procedures has led to interest-
ing observations when industrial wastes are treated by aerated sludge. Gell-
man and Heukelckian® show that the rates of purification of seven different
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Froure 1-25. Hourly oxygen requirement by 1000 ppm milk solids in
presence of 500 ppm sludge solids.

TasLe 1-13. EKmpiricaL CoMposiTioN OF AERATED SLUDGE ORGANISMS
Component Per Cent Per Cent of Atomic Weight  Number of Atoms
C 47.26 3.94

H 5.69 5.65 7.0

hY 11.27 (.81 1.

0 27.0 1.69 2.

Ash 8.61 —

Total 99.83
Empirical formula = CsH;NO,

A N considered as a single atom.

Empirical Composition of Sludge Cells

The oxidation of the organic constituents of a waste requires many in-
tricate steps before the ultimate cell is produced. For the purpose of follow-
ing the biological oxidation and determining oxygen demand, however, cell
synthesis may be expressed in a relatively simple way. An empirical com-
position of the cells was cstablished only after direct analyses were made of
a well acrated sludge for oxygen, carbon, hydrogen, nitrogen, and ash.®®
The amount of each clement present in the sludge was calculated to a molar
basis by dividing by its atomic weight. The resulting formula CsH;NO,
(Table 1-13) is a gross oversimplification of the organized system of the
microbial cells. The formula expresses the average proportions of these
major atoms of the organic composition. Thus CsH;NO. has a “mole weight”’
of 113 and when ash was addcd the “welght” becum(, 124 atom units.
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Lactose Conversion to Sludge Cells

A portion of the carbohydrate was completely oxidized to produce energy
for the conversion of the remainder to cell tissue or sludge solids. Since by-
products of incomplete oxidation were absent, the sugar was completely
oxidized in this energy-yielding step, thus:

C1zH2:01- H O + 120, — 12C0O, + 12H,0
which for convenience may be expressed:
CH,0 4+ 0. — CO, + H,0
RQ. =1/1=

The production of cell tissue or sludge solids from the carbohydrate,

using ammonia as a source of nitrogen, is as follows:
5CH,0 + NH; — ClI;NO; + 3H,0

This equation is balanced without oxygen utilization or carbon dioxide
evolution. Manometric data showed that 37 per cent of the theoretical

amount of the total oxygen required was used during assimilation; hence,
only 3¢ or 37.5 per cent of the sugar was oxidized :

8CH,0 + 30; + NH; — C;H;NO; + 3CO; + 6H,0
RQ. = 3/3 =

The experimental R.Q. of 1.04 agrees well with the theoretical value. The
yields by weight were also consistent; 8CH,O or 240 atom units yield
CsH;NO; or 113 atom units equalling 124 atom units including ash. This
is 52 per cent yield by weight, approximating that obtained in earlier ex-
periments.

Casein Conversion to Sludge Cells

An empirical formula for casein was established from a direct determina-
tion of its major constituents. Phosphorus and sulfur were omitted as only
about 0.8 per cent of each is found. Casein has a formula of CsI1;;N;O; and
a mole weight of 184. Complete oxidation of casein w1th the formation of
ammonia may be written:

CsIImNan + 802 - 8002 + 2NH3 + 3H20
R.Q. = 8/8 = 1.0

Asslmlla.tlon of casein into cell tlssue, according to manometric results, may
occur thus:

CgIInNan + 302 - CafLNOz + N Ha + 3C02 + 1{20
"RQ.=3/3=10
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Froure 1-22. Relative rate of oxidation by 500 ppm aerated sludge as a function
of skim milk solids. Values caleulated from time required to reduce the oxygen to 0.5
ppm (see Figure 1-21). Highest rate with 1000 ppm substrate taken as unity.

Frovre 1-23. Oxidation of 100 ppm skim milk solids as a function of oxygen con-
centration. Rate taken from Figure 1-22.

were obtained with a sludge containing 500 ppm cells. Increasing the sludge
concentration would also decrease the time required for waste conversion.

These serics of tests carried out in the Lingane cell were not agitated or
aerated, and the endogenous cells removed oxygen only one-fifth as fast as
the rapidly assimilating cells. Later studies made with vigorous agitation
and aeration gave endogenous rates of respiration one-tenth or less than that
of the actively growing cells. ,

Figure 1-23 shows the rate of oxidation of 100 ppm skim milk by 500 ppm
cells as a funetion of oxygen concentration. The rates are taken from Figure
1-22. The rate of oxidation and hence oxygen removal dropped sharply in
the region of an oxygen concentration of 0.35 to 0.5 ppm because of the
lack of oxygen. Below this oxygen concentration anaerobic conditions tend
to prevail. Absolute removal of oxygen at these solids concentrations was
0.35 ppm per min or 21 ppm per hr. The necessity of supplying oxygen at
this rate becomes obvious in order to treat the waste aerobically.

Oxygen Utilization in Aerated Solutions

The rate and extent of oxidation of the waste were also determined by
measuring the CO, evolved from a vigorously acrated sample by passing
the spent air through barium hydroxide." This was, possible since the vol-
ume of CO; evolved from this system was practically equal to the Oz con-
sumed in the Warburg respirometer. Under the conditions of this experiment,
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Ficure 1-24. Rate of CO, formation per mg sludge by 410 ppm sludge in the
presence and absence of 1000 ppm skim milk.

the rate of oxidation of milk solids proceeded at approximately 10 times
that of endogenous respiration.®

Figure 1-24 shows the results obtained when 500 ml of a mixture con-
taining 410 ppm sludge solids and 1000 ppm milk solids was aerated over a
period of 48 hours. The results are given in absolute units and are calculated
to the original sludge weight. The Qco, (ml CO, per grams sludge per hr)
will equal the Qo, and may be converted to the weight of oxygen. (1 ml
oxygen weighs 1.43 mg.) :

It was shown repeatedly there was an immediate high rate of oxidation
caused by assimilation. By the sixth to seventh hour this rate dropped and
approximated the rate of the unfed sample, especially when the increased
quantity of newly formed sludge was taken into consideration. The en-
dogenous respiration dropped from 10 to 4 ml CO; per gram per hr in the
unfed sample and to about 8 ml CO, per gram per hr in the fed sample.
From these data the oxygen utilized was calculated. Figure 1-25 shows that
83 ppm O, per hr were required during the height of the assimilation reac-
tion. This was about four times that needed when additional oxygen was
not added, as in the polarographic study. This comparison illustrates the
effect of vigorous agitation.

The oxygen uptake at 18 hours was only 7 ppm per hr. Air requirements
in the latter stage were considerably less than those required in the first few
hours.
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Fraure 1-20. Oxidation of skim milk, lactose, and casein in respirometer.
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TABLE 1-12. OxyGEN REQUIREMENTS AND UTILIZATION BY SUBSTRATES
Oxygen Utilization Lactose Hydrate Casein (8%, water) Skim Milk (air dry)

Theory, mg/g 1060 1360 1110
Theory, ml/g 742 952 780
Sample used, mg 1.50 1.05 3.00
Theory, ml/sample 1.1 1.0 2.3
Observed, ml/sample 0.479 0.430 0.866
Per cent 43 43 37

lactose and the casein. The skim milk contained 36.3 per cent protein and
30.0 per cent lactose. Conversion to volume of oxygen from its weight is
made by means of the well-known fact that 32 grams of oxygen occupies a
volume of 224 liters at standard conditions,

Apparently the organic matter represented by 57 to 63 per cent of the
original COD was assimilated by the sludge microorganisms, while the re-
mainder was oxidized and used for energy required for the growth processes.
These values are slightly higher than the 50 to 0 per cent reported carlier.
Determinations of the respiratory quotient (R.Q.)* confirmed further that
the substrate was assimilated or oxidized. The R.Q. found for the assimila-
tion reaction was 1.00 and 1.03, values practically equal to the theoretical
0.96 and 1.00 for these substrates. Thus the conversion must be:

Milk wastes + 0, —22r0PO8 ) oo + CO,p + 1,0

* Respiration quotient (R.Q.) = the ratio of the CO, produced to the O, used by

the bacteria.
\

” =5
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Utilization of Oxygen

Experiments repeatedly showed a high utilization of oxygen during the
assimilation phase, followed by a much slower rate of oxygen uptake during
the endogenous phase. :

A modified Lingane H-cell' was used in a polarographic method pro-
posed by Hixson and Gaden® for the determination of the relative rate of
oxidation during assimilation and during the endogenous phase. A well-
aerated sludge containing 500 ppm cell solids was used in these tests.™
Varying amounts of waste were added and the air over the surface was dis-
placed by nitrogen in order to assure uniform conditions. Figure 1-21 shows
a relatively rapid and constant rate of skim milk oxidation by the 500 ppm
sludge solids. The curves of oxygen depletion may be interpreted more satis-
factorily when plotted as in Figures 1-22 and 1-23.

Rate of oxidation as a function of substrate concentration (Figure 1-22)
was approximated from Figure 1-21 by determining the time required to
reduce the oxygen tension to 0.5 ppm and considering the rapid rate of
oxygen depletion as unity. The slowest rate of oxygen removal was obtained
with unfed cells while the most rapid depletion was shown with 1000 ppm
milk solids. The rate of oxidation and hence assimilation was fairly constant
above a milk solids concentration of 100 ppm. Hence the time required to
oxidize the waste would be directly proportional to the amount added in
this range. Since 1000 ppm waste were oxidized in 6 hours in the Warburg
studies, 500 ppm would take only 3 hours to be assimilated. These results
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Figure 1-21. Removal of oxygen by 500 ppm aerobic organisms from
nonaerated skim milk solutions,
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Aeration Studies

THEORY AND MECHANISM

A synthetic dairy waste fed continuously through the 5-gallon fermenter
at the slow rate of 1 to 2 volume changes per day showed a 40 to 50 per
cent reduction in COD. Upon centrifugation of the effluent, the clear liquid
showed a removal of 90 to 98 per cent of the original oxygen demand. This
reduction resulted chiefly from the removal of carbohydrates, as shown on
the balance sheet prepared from the influent and effluent solids (Table 1-11).
Actually about one-half of the organic matter originally present was com-
pletely oxidized. The composition of the sludge or microbial cells in the
effluent approximated 67 per cent protein, 11 per cent carbohydrate, and 8
per cent ash,

In other experiments, a fill-and-draw method was used in which one-fifth
of the mixed solution served as seed or inoculum after 24 hours aeration.*”
The starting seed contained 500 ppm sludge solids. F igure 1-19 shows the
results when the simulated waste was added. As in the continuous flow ex-
periment, the final COD reached a level between 50 to 60 per cent of that
present in the original waste, Removing the solids gave about 90 per cent
reduction in COD and much greater reduction in 5-day BOD. Under the

TaBLE 1-9. CoMPOSITION OF SYNTHETIC WASTE CONTAINING
0.1 Per Cent Diiep Skiv MiLk

Constituent ppm

Con 1050
Organic solids 883
Lactose 505
Protein 369
/\H}l 81
Total solids 064

Tapre 1-10. Asu CoNsTITUENTS 0F TYpPICAL BKiM MinLk
COoNTAINING 10 PEr CeENT SoLIDS

(grams per 1000 grams liquid)
%) Cal) Nas) MgO) Fex)s P Cl S0
1.88 1.51 0.75 0.18 0.01 1.82 1.07 0.29
Note: 10 ml of this skim milk diluted to 1 liter will give 1000 ppm,

Tanre 1-11. OrGanic S8oLins BALANCE IN AEROBIC ASSIMILATION
o MiLk Waste BY SLubak MICROORGANISMSB
(Calculated to solids basis as mg)

Protein Carbohydrate
Skim milk waste 35 53
Jiflluent solids 34 7
Kffluent solubles 1. 2
Muterial destroyed 0 44

12 14 16 18 20 22
TIME, HOURS

Frgure 1-19. Changes in COD in fill-and-draw operations.

conditions of these tests, the changes were essentially completed in 6 to 8
hours, after an initial rise in COD caused by the added waste.

Manometric Studies

The oxidation of skim milk and of its major components, casein and lac- °
tose, was followed in a Warburg apparatus.* The temperature was main-
tained at 30°C (86°F), which was used throughout these studies. Mano-
metric methods were feasible, as other workers have established that carbon
dioxide is the only gas elaborated in the biological oxidation of sewage by
sludge.”® ™ ™ The analytical data (Table 1-11) on solids balance further
confirmed this fact.

The rate and extent of oxidation by 3 ml of well-aerated sludge contain-
ing 500 ppm solids were studied. Substrates were dissolved in phosphate
buffer and added from the side arms. Figure 1-20 presents results obtained
upon the addition of 3 mg skim milk (1000 ppm), 1.5 mg lactose (500 ppm),
and 1.05 mg casein (350 ppm). The latter two were added in the proportion
found in skim milk. At first there was a rapid demarid for oxygen; in 6
hours this demand decreased to that of the sludge mixture alone containing
no milk nutrient. The experiment was terminated at this time.

Determinations made for COD upon the supernatant solution showed
that all added nutrients were removed. Calculations based upon the com-
plete oxygen demand and upon the amount of oxygen utilized, however,
failed to show complete oxidation of the substrate. Table 1-12 summarizes
the data which showed that only 43 per cent of the COD of lactose and
casein and 37 per cent of the skim milk were oxidized. The theoretical
values for complete oxidation were calculated from the composition of the
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be obtained by contacting waste and sludge at various loading levels for
a predetermined period (usually 15 minutes) and computing absorption less
oxidation and synthesis or by extrapolation of data plotted, as shown in

Figure 1-12. The initial removal of BOD is of considerable importance in

biological waste treatment, since it establishes minimum structural require-
ments. In domestic sewage treatment as much as 90 per cent BOD removal
has been attained through the initial removal reaction.

In the sccond phase of the process BOD removal occurs concurrently
with synthesis and oxidation and follows the log growth phase law of cell
growth. Stored BOD removed on initial contact is subsequently oxidized
and synthesized. A material balance relating BOD removal, sludge growth,
and oxidation may be employed to determine oxygen requirement and ex-
cess sludge production for specific process operating conditions, as shown
by Equations (4) and (11).

While endogenous respiration is presumed to occur under all ecological
conditions, sludge is destroyed by oxidation when the organic loading is
insufficient to support active growth. Extensive endogenous respiration will
produce a sludge of low activity and reactive capacity.

A concept of evaluating the kinetics and equilibria of biological oxidation
systems has been presented. It is believed this theory can provide practical
assistance to the research worker in the design of experiments, to the de-
signer in determining the economic effects of variations in process design,
and to the operator in evaluating the influence of operating variables on
plant performance.
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Naxpor PorGes, LENorEe Jasewicz aAxp Sam R. Hoover

Eastern Regional Research Laboratory,* Philadelphia, Pa.

Removal of soluble organic matter from solution by microorganisms is
dependent upon many factors. About 40 to 50 per cent of organic matter
consists of carbon. To remove the organic matter, the carbon must be avail-
able to the organisms. In municipal sewage, there are sufficient essential
clements to permit satisfactory activity of aerobic microorganisms. Defi-
ciencies of nitrogen and phosphorus and possibly other elements often occur
in certain types of industrial wastes. Sawyer discusses the importance of
these in nutrition and synthesis.'"® Wider recognition of such deficiencies
and their correction are necessary, especially in the aerobic processes.

The investigations reported herein on the aerobic treatment of dairy
wastes were summarized in a process report.'? Synthetic waste containing

. 0.1 per cent dried skim milk was used throughout these studies.™* This

substrate gives a chemical oxygen demand (COD) by the rapid dichromate
method of about 1050 ppm which approximates the 20-day BOD. (A rapid
chemical method of determining oxygen demand is necessary because of
the rapidity of the biological reactions in stabilizing the milk wastes.)
Table 1-9 shows the composition of the waste. Many essential elements are
in the ash fraction of the skim milk (Table 1-10). Drled skim milk contains
about 8 per cent ash in addition to 37 per cent protein and 51 per cent
lactose. Such a simulated waste satisfies the nitrogen demand of the aerobic
organisms, as shown later in this paper.

Aeration processes are relatively rapid and devond of acid and odor
formation, if conducted in a satisfactory manner. Proper conditions of
acration were fairly easy to maintain in the aerobic fermenter used in these
laboratory studies.” Translating the results to pilot plant studies led to
difficulties at first, but satisfactory engineering designs have been developed
for industrial use by Kountz™ and Eckenfelder.”” According to these workers,
methods and information are now available for designing a proper and satis-
factory waste disposal plant from laboratory data.

* A laboratory of the Eastern Utilization Research Branch, Agricultural Re-
search Service, U, 8. Department of Agriculture,
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